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.'on relates to methods for operating a 
. The invention relates t 

^v.^ and circuit arrangements for 
mixed-potential ^^^^^^^^^^^^^ 

V, =^ oas urobes are utilized, for 
Mixed-potential exhaust -gas prope 

" r ™. — - - " - 

.o*usticn engines . ,„„,,,„„.io„ .i^il.^ 

These probes are v,ith respect c 
..e X-pro.es an. are presented, .or e»»ple, in ..e .e« o. 
15 to the A pi ^-Kiinyi" 22nd edition, 

Bo.ch entitle. .Kra*t£ahrtec.niso.es XasCenbuch , 

1995, Starting at page 490. 

. ed potehtial exhaust-gas probes, the signal is 
in known mixed-potencidx 

' ' . voltage between two electrodes; via the 
measured : . as a voltage D v.^ taoTDing the 

^ *-v>^ electrodes; or, by tappmy 
cV,ort-circuit current between the electr 
20 short . -electrodes and dropping across a 

voltage measurable between the electro 



JS. "^is an object Of the invention .o provide a method for ^ 

^ a mixed-potential exhaust-ga. probe wherein a highest 

operatxng a mixea y 

„,e selectivity is -ad. possible with respect to the 

" P-""^ J ^„ in the presenc* o, 

individual components or 

so».ti.es v.ry l.r.a transverse sensitivities. ^ _ 

. it is an object of the invention to provide 
Circuit arrangements which «ke possible to 

circuii: . t-he least nurnber of 

30 With a technically si^la connguration and the 
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„nt eternal voltage, the probe can be 
BV applying a oon.ta„t e.te^ „ ,„„stitue.te 

,,,..te. to .o„e extent to .^^^ J 
„...b a« ta be .etecte*. Th. external vc.ta.e 

The external constant voltage 
preferably experimentally. 

. too the exhaust -gas P^obe xs adjusted 

• Tn this case too, t.n'^ 

rrr. to t. .te... o. — 

the exhaust gas- ^^^^.^^ 
The magnitude of the current, wh.ch 

is determined experimentally. 

The sensitivity o£ the pr 
b, the voltage o. the o„„nt which ai.tinguishea ..o» 
^ . ..oltaqe and the thermodynamic 

thermodynamic equilibrium voltage 

^nir-rp^nt respectively, 
equilibrium current, 



"^'^^^'^ .olari.ed current measurement (that is, a 

A voltage^polarxzed electrodes of the 

.nt of the current which drops on the elect 

voltage 

Mxed-potential exhau.t-gas probe) 

i^.ed in a technically very simple manner 
can be realized ^^^^^^^ ^^^^^^^ ^^^,3,,ed 

inverting operational amplif-r. ,,pUfier and one 

. ^ ..f the operational ampxxii^ 
.o the non-inve«in9 xnput ot 

.he exect»ae. the e>ch.ust-eae ..c.es 

2 



inverting input of the operational amplifier. A reference 
resistor is arranged in the feedback loop of the operational 
amplifier. 

A current polarized voltage measurement is made possible in 
a technically simple realizable manner with a non- inverting 
operational amplifier. The voltage measurement is a measurement 
of the voltage, which adjusts between the electrodes, when 
applying a constant current to the probe ceramic. A voltage 
-divider is arranged at the non- inverting input of the operational 
amplifier and a reference resistor is arranged at the inverting 
input thereof. The exhaust-gas sensor is arranged in the 
feedback loop of the operational amplifier. 

In an advantageous embodiment, switching means are provided 
via which switching can take place between the two circuit 
arrangements . 

mr^h^r R^Vant a gPg rl ll 'l T'-'n^''''-'"'^- ' " l" l 1 n n^^o^- il inn ^ r M M i M * 

^goViP^nq nt" 1 r rnpri — rt-riliil Itm \<\ thtd embodiments - of tho invention. ' 
Th o drawingo — ohow » 

FIG. 1 is an exhaust -gas probe having a pumped reference and 
known from the state of the art; 

FIG. 2 shows the probe voltage, which is^ taken off at a 
polarized NOx mixed potential probe, as a function of time; 

FIG. 3 shows the HC transverse sensitivity as a function of 
the pump voltage for a mixed potential exhaust -gas probe making 
use of the invention; 

. FIG. 4 is an embodiment of a circuit arrangement of the 
invention for the voltage-polarized current measurement of a 
mixed potential exhaust -gas probe; and. 



FIG. 5 shows an embodiment of a circuit arrangement 
according to the invention for the current -polarized voltage 
^jlj^^ measurement . 

/^v^X De - oor -i pt-. T ^-f ^v^^ Embodi ^ft^jxte , 
5 FIG. 1 shows, in section, an exhaust -gas probe 1.2 on an 

exhaust-gas pipe of which a wall 1.1 is shown. This wall 1.1 
partitions the exhaust gas of an internal combustion engine 
(left) from the ambient air (right). The exhaust-gas probe 1.2 
includes a solid-state electrolyte 1.3 in its exhaust-gas end 
10 portion. The solid-state electrolyte 1.3 is between a first 

electrode 1.4 subjected to the exhaust gas and a further 
electrode 1.5. A reference gas volume 1.6 communicates with the 
electrode 1.5 and is in direct contact with the ambient air via a 
channel 1.9. The electrode 1.5 is connected to a measuring 
15 feedline 1.10 and the electrode 1.4 is connected to a measurement 

line 1.11. 

For maintaining a stable reference atmosphere, it is 
essential that the supply of oxygen via the pump current Ip 
exceeds, in time average, the occurring losses of oxygen. Such 

20 losses occur perforce during the measurement of a voltage in the 

electrodes when the voltage measurement is based on a current 
measurement via a measuring resistor in a manner known per se . 
Typically, measurement resistors in the megaohm range are used in 
the range of the measurement of voltages in the order of 

25 magnitude of the output voltage of the exhaust-gas probe of 1 V. 

As a consequence, a measurement current flows in the microampere 
range. For electrolytes, this current is carried by oxygen ions 
from the reference volume so that the oxygen concentration in the 
reference gas volume reduces because of the measurement. 

3 0 A measurement pulse can be so dimensioned with respect to 
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its height and time duration that it supplies the required pump 
current in time average. 

The basic idea of the invention is to achieve an improvement 
of the gas selectivity in that a constant external potential or a 
constant external current is applied to the sensor 
electrodes (1.4, 1.5). In this way, the signal formation can be 
adjusted to a certain extent to individual gases and thereby the 
selectivity can be improved. If a constant external potential, 
that is, a constant external voltage is applied, which deviates 
from the thermodynamic equilibrium voltage, the adjusting current 
is measured and evaluated. If a constant current is applied, 
then the measurement and evaluation of the potential, which 
adjusts, or the voltage, which adjusts, takes place. 



^ By applying a voltage which lies above the thermodynamic 
equilibrium voltage of the disturbing electrode reaction, it is 
especially possible to influence the course of the disturbing 
reaction so that no disturbing components participate in the 
wanted reaction. 

FIG. 4 shows an embodiment of a circuit arrangement for the 
voltage-polarized current measurement wherein one applies a 
constant external voltage to the electrodes (1.4, 1.5) of the 
exhaust -gas probe and measures and evaluates the current dropping 
via the electrodes (1.4, 1.5). The applied voltage deviates from 
the thermodynamic equilibrium voltage. The circuit includes an 
operational amplifier having a feedback loop in which a reference 
resistance Rl is connected; that is, the reference resistance Rl 
is connected between the inverting input of the operational 
amplifier and the output thereof. The exhaust-gas probe is 
connected to ground at the inverting input. A voltage divider 
identified by R2 is connected to the non- inverting input of the 



, .^lifier A differential amplifier is arranged 
operation*! an^lrf.ar. ^^^^^^ 
t.. non-invertins inpnt and o ^^^^^^^ 
,,„.i to ,ro.nd is t.a .aaenre»ant a.na ■ 

^ at the exhaust-gas pi-^ 

- 1 -.o. ..e .o..a.e, .... . 
...n t.e ope.at.onal a.pl.f.e ^^^^^^^^^ 

.resent at the exhaust-gas probe, v.a the 

• ..r- The signal between the 
. ==3 feedback resistor. Tne ^ y 
which acts as a operational amplifier 

is proportional to tne 

^ v,^, the differential amplifier, 
is amplifxed by the ,^,ee-way switch SI by means 

The circuit further includes a three w y , 

V olace to the circuit arrangement 
of which switching can take place 3 defines 

V, in FIG B. The circuit arrangement shown m FXG. 

^ . . voltage measurement wherein a constant 

a current-polarized voltage 

o_nt can a.iied to t. .o.e oara.o d^^ 

- - --""^ ^r:rt e oU arran..ent in 

. r^TC 5 distinguishes from une 
shown m FIG. b ai^ a ^^rinected to the 

• ^h^it the reference resistor Rl is 
FIG. 4 m that the ^-..fier- in contrast, the 

■ ^ of the operational amplifier, 

a.ha«st-9as probe ia arranged rn t.e^ ^ 

Hfier The voltage diyider R2 is 
operational a»plifi«- - „ the differential 

*- Tn this case, tne ^i-*-^ 
the non- inverting input, m exhaust-gas 
THfies the voltage dropping across -the 

,^lifier a^pU ^ ^ ^...^re^ent' signal . -m 

ra Xt is i,.e.ed npon the e^anat-gaa pr..e 
..i. orronrt, a ^^^^^^^ 

artd thia current iS potentiometer H2) 

. ^ /♦-Tn;:.t- is by means or cne p 
the voltage divider (that is, y 

. ,,,, Since the exhaust-gas probe lies 

and the resistor Rl - ^^^^^^^ resistance of 

feedback of the operational amplifier, ^^^^^^^ _ 

, the exhaust-gas probe has no influence on 



The voltage drop across the exhaust -gas probe is measured with 
the aid of the differential amplifier. 

As an example, FIG. 2 shows the mixed potentials of 
hydrocarbons (450-45 ppm) (reference numeral 1) as well as the 
5 mixed potentials of nitrogen oxides (reference numeral 2) . These 

mixed potentials are detected by means of a voltage-polarized 
current measurement (see FIG. 4) for a polarization voltage 
of +290 mV. 

If the electrode is negatively polarized, then the signal 
10 amplitude of the hydrocarbon mixed-potential formations drops 

with increasing negative polarization (reference numeral la) . 
The nitrogen oxide signal first drops with falling polarization 
voltage, reverses and then increases with increasing negative 
polarization voltage to 100 mV for a polarization voltage 
15 of -500 mV (reference numeral 2a) . 

In FIG. 3, the amplitude of the hydrocarbon mixed-potential 
formations (transverse sensitivity) is plotted against the pump 
voltage or polarization voltage. 

As shown in FIG. 3, no hydrocarbon transverse sensitivity is 
20 present for a pump voltage of -600 mV so that a measurement is 

possible of only the NOx component. 
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